Abstract. Chemotherapy is one of the most common treatments used in cancer therapy despite its serious side effects, which remain a huge concern. To the most common side effects (apart from weight and hair loss) include memory and concentration problems as well as changes in taste. This paper presents a very preliminary study (with only one elderly female subject participating) focusing on cognitive dysfunction after chemotherapy in breast cancer. This phenomenon, called Cancer-Related Cognitive Dysfunction (CRCD), is a frequent occurrence. The obtained results prove the impact of chemotherapy on the participant's ability to concentrate. The QEEG method and digital data analysis were used as the measurement methods.
Introduction
This paper presents the impact of cancer treatment in the form of chemotherapy on impairment of cognitive and memory functions, and concentration deficits in elderly (postmenopausal) women suffering from breast cancer. The described phenomenon occurs very frequently and is called Cancer-Related Cognitive Dysfunction (CRCD) (Isenberg-Grzeda & Ellis, 2017; Johns et al., 2016) .
CRCD occurs in patients of all ages after chemotherapy, but it is most frequently observed in women suffering breast cancer. The level of dysfunction, however, is a very individual feature (Hermelink et al., 2017; Wefel et al., 2015) .
The most common reason for the occurrence of CRCD may be the toxicity of certain ingredients of chemotherapeutic drugs. This also refers Magda Żołubak et al. to substances that do not cross the brain-blood barrier or cause cytokine deregulation, despite the fact that the latter are being used in experimental treatment of some tumors (Jiang et al., 2017; Ren et al., 2017) .
Other side effects of chemotherapy, apart from CRCD, are Taste Alterations (TA), fatigue, vomiting, nausea, and -most commonly -hair loss (Zabernigg et al., 2010) .
The study presented in this paper is of a preliminary character. The performed tests proved the hypothesis concerning the occurrence of cognitive impairment after chemotherapy.
Research Methodology
For the purpose of this research (at a very preliminary stage), quantitative EEG (QEEG) (Blackburn et al., 2016) was applied and only one female subject was tested. The main aim of this study was to initially prove cognitive impairment in women in postmenopausal age who underwent chemotherapy for breast cancer. EEG was applied to the following locations: C3, C4, Fz, Cz, P3, P4, F3 and F4 -in accordance with the 10-20 system (Homan et al., 1987) .
The data was recorded in a frequency range of 1-70 Hz and notch filter (48-52 Hz -for Europe) was applied. The sampling frequency was 250 Hz. The amplifier used for this study was a DigiTrack BF type digital electroencephalograph.
QEEG -A Brief Introduction
The authors decided to implement the QEEG for the purpose of this initial study due to the fact that the method in question has a very long tradition in research into concentration deficits (in, inter alia, children with ADHD), where application of the quantitative method gave very promising results (Ramirez et al., 2001) , as well as in the analysis of motor action in adult persons (Azarpaikan & Taheri Torbati, 2017) . The basis of the quantitative method, similarly to the traditional method (EEG) is measurement of the electrical activity of the human brain. In the case of this type of research, supplementary information is obtained in addition to a record of the activity of brain waves. Owing to these special algorithms, it is possible to obtain, for instance, Fast Fourier Transform (FFT). Owing the more detailed information provided, the quantitative measurement method can form a basis for a more accurate diagnosis and enable to create a map Initial Study on Cancer-Related Cognitive Dysfunction... of brain function, with better results when compared to traditional EEG (Żołubak, 2017) .
The Subject and the Performed Experiment
The study is of a very preliminary character, its purpose being to prove the hypothesis, based on literature study, that chemotherapy can affect cognitive skills of elderly women suffering from cancer (Johns et al., 2016; van Dam et al., 1998; Zabernigg et al., 2010) . The criteria for patient participation in the study specified the participants as those suffering from breast cancer with an already planned chemotherapy regimen. The participant of the initial stage of this research was an elderly female, aged 77, diagnosed with breast cancer, shortly after her first QEEG test, whose treatment had already begun. She underwent total unilateral mastectomy, with excision of regional lymph nodes. The chemotherapeutic agents she was administered were cytokines from the anthracycline group (the so-called "red chemotherapy").
After the fourth infusion the patient collapsed, as a result of which further infusions were discontinued. In the opinion of the lead doctor, this happened because the participant did not stop smoking cigarettes. Another QEEG study was conducted one year after the first test. The participant is currently on continuous hormonal therapy administered in the form of pills and is also taking medication for obstructive pulmonary disease. The patient's family reported that the subject's personality changed significantly after chemotherapy, describing her attitude as "malicious and unpleasant to others". During and after chemotherapy, the subject was taking various supplements, including B-group vitamins. The woman being a cigarette addict might have affected the results of both tests.
Results and Discussion
Based on the obtained EEG recordings, i.e. average values of amplitude within particular ranges (absolute values) and their percentages in the whole spectrum (relative values), together with average values of the amplitudes for the whole spectrum at each particular point, were analyzed.
The analysis was based on the control values for adults, in accordance with the tests carried out by Sterman (Sterman & House, 1980; Tan et al., 2009 ). The first test before the cancer diagnosis was the control sample, whereas the second one measured the changes that occurred after chemotherapy. Figure 1 presents signals from electrodes C3 and C4 (40 sec- After closing the eyes, the so-called "stop response" should occur, with a significant increase of Alpha frequency. However, this did not happen, possibly due to the participant's smoking habit (Domino et al., 2009 ). In Figure 3 , it is possible to observe (C3 electrode signal in particular) very slow (almost sleep) waves below 2 Hz, instead of clean Alpha waves. The data was obtained before chemotherapy. It was possible to observe a decreased percentage of both Delta and Theta waves for the right hemisphere and the midline; for the right hemisphere, only Theta waves with increased amplitudes were observed.
The measurement points enabled to record above-norm amplitude values for the Alpha frequency, which may suggest short-term memory problems (Britton et al., 2016; Clarke et al., 2007; Markovska-Simoska & PopJordanova, 2017) . A higher Beta frequency amplitude, on the other hand, may indicate increased anxiety, as well as problems with concentration and sleep (Britton et al., 2016; Markovska-Simoska & Pop-Jordanova, 2017) .
After chemotherapy, EEG data still contained numerous artifacts and the administered treatment did not affect the signal in any significant way. The spectrogram shows numerous artifacts such as eye blinking and eye movement. However, an increase in Alpha frequency can be noticed after ca. 90 seconds, when the participant closed her eyes (see: close-ups in Figures 4 and 5) . It is still possible to notice very low frequency ranges (a spiky shape) similar to those present in the signal recorded before chemotherapy. Moreover, it is difficult to distinguish typical strong Alpha waves at closed eyes ( Figure 6 ). The signals still contained numerous artifacts, both before and after chemotherapy, but this is due to the nature of biomedical data. For open eyes, a decreased percentage of Delta, Theta, and Alpha waves can be noticed. The amplitude of Alpha frequencies increased in the areas of the left hemisphere and the midline whereas Beta frequencies are above norm. For closed eyes, Theta frequencies increased in the area of the left hemisphere. Both Alpha and Beta waves were above normal range.
After treatment, visible changes were recorded for Beta and Alpha waves, which correlate with the subject's attention and short-term memory, put her into chronic stress, caused anxiety and sleep problems. These adverse effects were noted in the patient's medical record and are not a result of the aging process. The changes were so pronounced that (based on literature review) cancer-related cognitive dysfunction may be suspected (Hermelink et al., 2017; Isenberg-Grzeda & Ellis, 2017; Johns et al., 2016; Wefel et al., 2015) .
The chosen method of measurement makes it possible to show the differences between the state before and after chemotherapy. With the QEEG, it was possible to detect changes for different frequency ranges, while quantitative EEG is an effective method for detecting even small changes present in cognitive disorders. The QEEG is also a fast and accurate method for evaluating cognitive changes after chemotherapy and can be used to diag-nose the extent of cognitive deficits. To confirm this, however, a larger group of patients needs to be studied.
Further Research Plans
Choosing the appropriate treatment for a specific patient is undoubtedly a difficult and responsible decision. This selection depends on numerous factors and despite the large number of available treatments, the great majority of cancer cases involve one of the following: surgery, chemotherapy, radiotherapy, or a combination of these. Advances in cancer treatment are undeniable, e.g. in the area of targeted (biological) therapies (Denduluri et al., 2016; Younes, 2011 ), yet these new approaches are very expensive in comparison with chemotherapy, which is the choice treatment in the majority of cases. For this reason, it is very important to mention the side effects and the impact of this type of treatment, without omission of the negative sides. Among these, negative effects, feelings or attitudes, which are often not objectively measurable (e.g. the quality of life, the feeling of humiliation, the feeling of loss of attractiveness, gloom/dejection), need to be emphasized (Von Minckwitz et al., 2017) . By conducting the research study, the authors pinpoint the change that causes the patient to feel dispirited, believing that a deeper analysis of the influence of various types of treatment on the patient's life (e.g. by applying the QEEG to observe CRCD, as proposed in this paper) can result in lower prices and greater availability of other treatments and drugs.
It is necessary to follow up on the presented research, which will be performed by analyzing a greater number of patients, through the inclusion and comparison of various cases of breast cancer. It will also involve a deeper collaboration with clinicians, which will enable to obtain a more in-depth understanding of the changes that occur in patients during chemotherapy. This will be of a considerable help in developing improved data analysis methods and, as a result, may help to treat patients with CRCD.
It may also be necessary to adjust the impedance and calibration of the measuring equipment and to use different electrodes, such as gold cups or active electrodes.
To conclude, further plans include matching all parameters and selecting the most appropriate settings for the planned experiments on a larger group of subjects.
